Rice is often damaged by birds, especially sparrows, in Asia. Bird nets are sometimes used as countermeasures; however this approach is expensive and labor intensive. For this reason, farmers generally eschew bird nets, even though no alternative countermeasures are available. This study focused on exploiting the bird behavior of scanning for predators to reduce crop damage. When birds forage for seeds on the ground they often stop pecking and briefly raise their heads, apparently to scan for predators. Low visibility habitats increase scanning behavior and increased scanning behavior reduces habitat quality from the bird's perspective; therefore, this study tested the relationship between rice damage rate and visibility at the periphery of rice fields, where tree sparrows rest after feeding. Overall, low visibility reduced damage to rice. Because visibility was mainly affected by weeds, weed management techniques contribute to crop damage management. To reduce damage, weeding can be decreased; therefore, this technique is costand labor-efficient.
Introduction
A feeding animal must not only concentrate on food consumption per se but must simultaneously be vigilant for potential predators [1, 2] . When birds forage for seeds on the ground they often stop pecking and briefly raise their heads, apparently to scan for predators. Scanning for predators and pecking for food are assumed to be incompatible activities. Many factors can potentially affect scanning behavior, for example, flock size [3] [4] [5] , visibility [6] , and distance from cover [7] . Large flock size, good visibility, and short distance to protective cover all decrease the scanning rate [5] [6] [7] . In particular, among species that rely on detecting predators by sight, increased visual obstruction has been shown to increase vigilance in a variety of species from many taxa [6] . This suggests that foraging in patches with reduced visibility will impose the dual costs of reduced foraging efficiency and increased predation risk. In general, limited visibility decreases the pecking rate by 30% [6] . Therefore, predation risk can alter habitat choice, wherein low visibility habitat would be avoided [6] .
Rice is often damaged by tree sparrows (Passer montanus) in Japan [8] . Can we exploit bird scanning behavior to prevent this damage? If visibility at the peripheries of paddy fields is high, scanning frequencies tend to be lower [6] , which is convenient for birds. If the peripheral visibility of a paddy field is reduced by visual obstructions (i.e., weeds), tree sparrows, which often rest on the peripheries of paddy fields (i.e., out of paddy fields) after feeding [9] , are unable to rest. Therefore, weeding techniques should affect the scanning rate and consequently may represent an agronomic approach to managing tree sparrow damage. This study focused on the peripheries of paddy fields (i.e., the resting places); predation risk in these resting places will affect the selection of feeding habitats.
Although several techniques are used to deter birds, such as sonic, visual, and olfactory deterrents, as well as chemical repellents, almost all methods are impractical because they result in habituation or have limited effects [10] . For example, distress calls are effective against some species but can result in habituation [11, 12] . Among visual deterrents, lasers are effective only against certain species [13, 14] . Although olfactory stimuli have not been thoroughly examined, naphthalene was found to be ineffective [15] . Chemical repellents are effective on some levels but can leave residues that make crops unsuitable for human consumption and are thus impractical [16] . The only method that has not resulted in habituation is bird netting [17] . Bird nets are effective but impractical because of the high costs and intensive labor associated with their installation and upkeep [17, 18] .
Thus, there are currently no truly effective methods for preventing sparrow damage. In this paper, I explore an agronomic approach to reducing bird feeding damage as a potential solution. Paddy fields need weed management only when most vulnerable to birds, and the weeds themselves do not have to be cut, so my proposed approach is not labor intensive. Visibility was affected mainly by weeds; tall weeds are visual obstructions, while cropped weeds make tree sparrows less vigilant. Overall, my aim is to reveal the relationship between the visibility of resting sites in paddy fields and damage caused by tree sparrows.
Materials and Methods
This study was conducted in Yamanashi Prefecture, Central Japan. In this region, paddy fields are mainly located in lowlands (e.g., Kofu city). In Kofu (272 m a.s.l.), in the center of the study area, the mean annual temperature is 14.3 ∘ C, the mean annual precipitation is 1109 mm, and the maximum snow depth is 140 mm.
From September 2 to September 9, 2014, I tested the relationship between canopy openness and rice damage caused by tree sparrows. This investigation period coincided with the time when most rice crop damage occurs. Canopy openness was measured using an 180 ∘ fisheye lens (Canon D10 camera and DIGITAL KING 180
∘ Fisheye L-size T-03L). Hemispherical photographs were taken at the point of highest canopy openness within 1 m of the paddy field (i.e., out of paddy field). Photographs were taken from the ground and the thickness of the compact digital camera was thin enough to simulate the position of eye ball of sparrows. Canopy openness was assessed along the four outer edges of the paddy fields. After taking pictures, canopy openness was calculated using CANOPON software. My aim was to detect reduced visibility due to weeds; therefore, I surveyed only tree-free areas. Damage was assessed along the four outer edges of the paddy fields by examining 20 rice plants on each side and determining the damage rate. In general, damage is most serious at the outer edge of paddy fields [19] . Because this method of data collection may result in autocorrelation, I used generalized linear mixed models with binomial distributions during analysis. Each paddy field had a different ID number and a different intercept (i.e., random intercept). This method handles not only autocorrelation but also unobserved effects that might cause damage. Statistical analysis was conducted using R 2.14.2 software [20] and the glmmML library.
Results and Discussion
Overall, I assessed 28 paddy fields randomly. The damage rate ranged from 0% to 80% of rice plants, and canopy openness ranged from 33.1% to 96.2%. The relationship between damage rate and canopy openness was shown (Figure 1 ). Damage rate increased with increasing canopy openness (GLMM, = 0.001), indicating that dense weed thickets reduce damage. The odds ratio of this statistical model estimated that an increase in canopy openness of 20% would increase damage by 2.08-fold. I hypothesized that reduced visibility at the periphery of paddy fields is effective in reducing habitat quality for birds and that lowered habitat quality reduces rice damage. My results supported this hypothesis. Low visibility induces a higher scanning rate and a higher risk of predation. In addition, dense weed thickets might completely inhibit predator detection despite frequent scanning [6] and, consequently, tree sparrows should prefer open habitats with high visibility. Dense weed thickets represent the opposite of this preferred habitat. As a result, decreased weeding effort decreases damage and is a convenient means of damage management because of its low cost and low labor intensiveness.
Thick weed thickets decrease visibility but might also provide safe cover for birds, as cover decreases detection by predators [6] . Thus, thick weed thickets decrease the visual detectability of both sparrows and predators. However, my results indicate that tree sparrows saw weed thickets as risky habitats, rather than safe cover.
Tree sparrows damage rice from initial ear emergence to the time of grain-filling, with the greatest risk during the latter period [8] . Therefore, my damage estimate was similar in each paddy field. Although I assume that sites with the same ID had similar risk (i.e., autocorrelation), I addressed this problem using random intercepts (GLMM). High risk paddy fields (e.g., fields in the grain-filling period) had large intercepts, and low risk paddy fields had small intercepts. The difference in damage risk between high and low sparrow International Journal of Zoology 3 density was also handled using random intercepts. Thus, the GLMM was well suited for this study.
Conclusions
To reduce rice damage caused by tree sparrows, weed management efforts should be reduced. The effects of weed management on damage were sizeable: a 20% increase in canopy openness resulted in a 2.08-fold increase in damage. There are no viable alternative countermeasures for tree sparrow damage, but my proposed technique is effective and inexpensive and requires little labor. The only existing alternative is netting, but this measure is both expensive and labor intensive [17, 18] . Thus, as a first step in damage management, my technique shows real promise.
Disclosure
This study did not use animals directly.
Conflict of Interests
The author declares that there is no conflict of interests regarding the publication of this paper.
